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Introduction
The studies of attachment behavior lie at the crossroad of various disciplines, from sociobiology (particularly ethology) and anthropology to evolutionary and social psychology. Biological approaches traditionally emphasize "nature", while psychological approaches stress "nurture" as a major determinant of behavior [1] .
Cognitive neuroscience should reconcile both approaches as the emergence of the attachment behavior (and social behavior in general) depends on complex interactions between genetic predispositions and the environment [2] . Recent evidence clearly shows that the dynamic regulation of gene expression through epigenetic mechanisms is at the interface between the environmental stimuli and long lasting molecular, synaptic, cellular and complex behavioral phenotypes acquired during the periods of developmental plasticity [3] .
Attachment theory
Over the last 50 years the attachment theory of Bowlby has been continuously modified mainly as a result of empirical psychological research, but the main concept that a young child needs to develop a relationship with at least one primary caregiver for social and emotional development to occur normally has been generally accepted [4, 5] . It is only in the past 20 years that some of the underlying states. Attachment disorder is a broad term comprising the absent, distorted or problematic age-appropriate social behaviors, expectations and relationships arising from a failure to form normal attachments to primary care giving figures in early childhood [5] . It is most often used to describe emotional and behavioral problems of young children, but is sometimes applied to school-age children or even to adults.
The attachment theory proposes that children attach to caregivers instinctively to increase the probability of survival in stressful situations [6] . Although the biological mother is the usual principal attachment figure, infants will form attachments to any consistent caregiver who is sensitive and responsive in social interactions with them during the period from about 6 months to 2 years of age. As discovered by Ainsworth by using the so-called "Strange Situation" experimental paradigm, the parental responses (or "care-giving bond") lead to the development of individual, but distinct patterns of attachment (secure, insecureavoidant, insecure-ambivalent/resistant) [7, 8] .
The fourth type, disorganized/disoriented attachment was identified somewhat later [9] ( Table 1) .
Some infants direct proximity seeking towards more than one attachment figure almost as soon as they start to discriminate between caregivers; most come to do so during their second year. The quality of the engagement has been consistently shown to be more influential than the amount of time spent. With the development of locomotion, the infant is "using the parent as a secure base from which to explore the world" [7] . Infant exploration is postulated to be greater when the caregiver is present because the infant's attachment system is "relaxed" and free to explore. Insecure patterns are also considered adaptive, as they are suitable responses to caregiver unresponsiveness. They are, however, non-optimal as they may compromise exploration, self-confidence and mastery of the environment [10] . Separation anxiety, fear and illness will cause a child to increase attachment behaviors, again to increase the probability of survival [11] . By age three or four, physical separation is usually no longer such a threat to the children's bond with the attachment figure if they and their caregiver have already negotiated a shared plan for the separation and reunion [12] . Insecurely attached children are believed to be relatively amenable to change throughout their early years. For instance, it has been shown that if a child is securely attached to his father (or to another secondary caregiver, even only a distant relative the child sees occasionally), it will help him overcoming an insecure attachment to his mother [11] . By middle childhood, the goal of the attachment system changes from proximity to the attachment figure to availability. Threats to security in older children (and adults) arise from prolonged absence, breakdowns in communication, emotional unavailability or signs of rejection or abandonment [13] . [18, 19] (Figure 1 ). The firing frequency of these dopaminergic ventral tegmental area (VTA) neurons (mainly from the A10 group) increases during any naturally-occurring pleasant experiences of eating food, during sexual activity or while bonding with a child ("behavioral activation") [20] . When electrodes
Attachment pattern child's behavior caregiver's behavior
Percentage of children from middle-class u.s. homes studied SECURE Uses caregiver as a "secure base for exploration". Seeks proximity and protests caregiver's departure, and is comforted on return (returning to exploration). May be comforted by the stranger but shows clear preference for the caregiver.
Responds appropriately, promptly and consistently to child's needs.~6 5%
INSECURE-AVOIDANT
In contrast to the secure child there is little affective sharing or joint play with the attachment figure. There is usually little, if any, "checking back" to the caregiver, little or no distress on departure, little response to return, ignoring or turning away with no contact if picked up. Child becomes distant, as to say: "Who needs you -I can do it on my own". Treats the stranger in a similar way.
Little or no response to distressed child. Discourages crying and encourages independence. Some parents convince themselves that their child is superior to other children, having an excuse for their lack of nurturing attention: "This kid is special, he barely needs me, and he's been doing his own thing practically since he was born".~2 0%
INSECURE-AMBIVALENT/ RESISTANT
Preoccupied (addicted) with caregiver's availability, desperately seeking proximity before separation occurs, but resisting contact angrily when it is achieved (punishing caregiver for being unavailable). Unable to use caregiver as a secure base.
Not easily calmed by stranger.
Inconsistent between appropriate and neglectful responses. Will respond sometimes perhaps out of guilt -if the child pleads and makes a big enough fuss.~1 0%
INSECURE-DISORGANIZED/ DISORIENTED
Contradictory attachment strategy, chaotic and disoriented behaviors such as approaching with the back turned. Stereotyped behavior on return of the caregiver such as rocking or freezing.
Frightened or frightening behavior, making errors in emotional communication, withdrawal, aggressiveness, maltreatment, abuse. Table 1 . Attachment patterns before the age of 18 months according to [7] [8] [9] .
<5%
were implanted into the animal reward regions (such as septal region near or in the NAc and other parts of the ventral striatum) and the animals were allowed to press a lever to stimulate their brain electrically, most of the animals preferred self-stimulation to obtaining food or water, engaging in sexual behavior, or any other naturally rewarding activity [21, 22] . This is no longer considered to be the case. Figure 1 . Simplified schematic representation of midbrain dopaminergic projections from ventral tegmental area (VTA, star) to nucleus accumbens (NAc, small blue ellipse), medial orbitofrontal cortex (mOFC, large blue ellipse), hippocampus (H) and amygdala (A). These projections comprise the universal brain reward system. Dopamine release in the NAc has been linked to the efficacy of unconditional rewards. Dopamine release in a broader range of structures, such as hippocampus (H) and amygdala (A) has been implicated in the "stamping-in" of memory that attaches motivational importance to otherwise neutral stimuli. Scheme made according to [26, 27, 32, 34] . See text for details. Weigert-stained section). Fibers of the medial forebrain bundle (MFB, fasciculus telencephalicus medialis) are running through the lateral hypothalamus, giving rise to collaterals for supraoptic, paraventricular and other hypothalamic nuclei. The bundle contains efferent dopaminergic fibers from ventral tegmental area (VTA), mostly from A10 group of dopaminergic neurons, but also from other sources of monoaminergic fibers innervating the cerebral cortex and afferent fibers of non-dopaminergic neurons that project to the midbrain where they activate the dopaminergic neurons with ascending projections (according to [24] ). See text for details. in the "stamping-in" of memory that attaches motivational importance to otherwise neutral stimuli [26, 27] . By contrast, very few dopaminergic neurons respond to stimuli that predict aversive outcomes. It is mostly the posterior cingulate cortex (PCC), which mediates classical conditioning of negative (i.e., painful) stimuli in escape and avoidance learning ("aversive conditioning") [35] .
the multifaceted, but critical roles of ofc in attachment behavior
The OFC is involved social reasoning, emotional control, and flexibility of decision making, particularly in moral dilemmas [2] . The metaanalysis of 267 areas of activation in stereotaxic space [36] showed that there is a medial to lateral distinction in the human OFC [37] , such that activity in the medial OFC is related to the monitoring, learning and memory of the reward value of reinforcers, whereas lateral OFC activity is related to the evaluation of punishers that can lead to a change in behavior ( Figure 3 ). Similarly, a posterior to anterior distinction was shown, with more complex or abstract reinforcers (such as monetary gain and loss) being represented more anteriorly in OFC than less complex reinforcers such as taste [38] . Compared to other cortical areas, OFC matures very late during development, perhaps in parallel with "social referencing" and psychosocial development [39] .
As documented in experimental models using a "water vs. cocaine" paradigm, it is the OFC glutamatergic projections that regulate activation of motor responses to motivationrelated events through thalamic motor nuclei and NAc, while blocking dopamine D1 receptors in OFC prevents drug-seeking behavior (direction of behavior or choice) [19] . In the case of a failure to achieve planned goals, particularly in the long-term when the free cortisol levels raise and are responsible for the sense of hunger (chronic stress), the reward mechanism is often activated by such animals are looking for and taking drugs compulsively [40] . These findings provide a Figure 3 . Activity in the medial orbitofrontal cortex (green ellipse) is related to the learning, monitoring and memory of the reward value of positive reinforcers, whereas lateral orbitofrontal cortex activity (red ellipses) is related to the evaluation of negative reinforcers (punishers). The scheme is based on [36, 38] . OFC fields designation is made according to [37] . were discovered in early 1990s by a group of researchers from Parma, Italy [44] . While conducting single-neuron recordings in the premotor cortex, they noticed that some of these neurons responded not only when the monkey was performing a certain act (e.g., grasping food) but also while the monkey was observing others performing the same motor action (i.e., researcher grasping food in front of a monkey) [45] . However, in the following years a rapidly growing number of studies that were conducted on various experimental animals and humans justified the importance to elucidate location and function of these neurons (for review see [45] [46] [47] [48] ). Some of the most interesting functional implications for mirror neurons are their presumed roles in language evolution, bonding, and empathy.
The first mirror neurons were described in monkey ventral premotor cortex -area F5 [44] , which has its human counterpart -the and 90s) emotions were generally defined in opposition to cognition as that which moves us in some way (as is implied by the Latin root movere, to move), but it was still generally believed that it is our "cognitive" minds that primarily affect the behavior. Finally, since early 90s to the present day, an "emotional revolution" in terms of number, scope and depth of scientific investigations devoted to emotions has been steadily expanding our knowledge on the subject, with each new study adding a data to the fact that emotions and emotional development affect enormously our thinking, behavior and psychopathology. Fear normally appears at 6 to 7 months of age [64] . Two particularly important early fears are a fear of strangers (stranger anxiety) and a discomfort at being separated from caregivers (separation anxiety). in response to their own infant's sad faces [70] . Likewise, animal studies demonstrated a developmental relationship between exposure to extra OXT in early life and subsequent maternal and social behaviors [71] . For instance, when prairie voles had received a low dose of OXT in early life, adult females were slow to approach pups; when they received higher doses of the hormone were more likely to care for them (and, interestingly, no longer displayed a partner preference too) [72] .
An early study had shown that children with autism have lower levels of circulating OXT [73] , while adults diagnosed with autism or Asperger's syndrome who received OXT showed an improved ability to identify emotional content on a speech comprehension task (whereas those on a placebo did not) [74] . Moreover, bonding, but also both maternal and romantic love and other adaptive social behaviors [80] . (GR exon 1 7 ) has been recently demonstrated [92] . Some of the postnatal examples are findings of decreased promotor methylation of rat hippocampal GR exon 1 7 and hypothalamic estrogen receptor alpha (ERa) genes associated with low levels of maternal care [93, 94] , increased promotor methylation of GR 1F in fetal blood samples of depressed mothers [95] and increased methylation of exon IV of the brain-derived neurotrophic factor (BDNF) and consequent decrease in BDNF mRNA in PFC after abusive maternal care in rats [96] .
genetic influences on attachment behavior
Besides high levels of maternal care, an exposure to juvenile environmental enrichment has also been shown to improve the capacity for learning and memory through LTP enhancement due to activity of NMDAr/ p38 signaling pathway [97] , increased histone acetylation in the hippocampus [98] and improved contextual fear conditioning [99] . and anxiety in stressful situations [87] .
Because "therapies based on mirror neuron system could provide a non-invasive approach in treatments of emotional disorders" [104] , the relationship of the (right) frontoparietal mirror neuron system -a distinct class of neurons that transform specific sensory information to motor activity that appears to be important to all aspects of social cognition and learning -as a neural substrate for understanding emotions in others (empathy) represents an important avenue for future research.
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